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(log canonical Fano varieties)
2 ($\log$ canonical pairs) ’
3
(semi $\log$ canonical Fano varieties)
(quasi-log canonical Fano varieties) 4




















$[$ $1]$ $[$ $2]$ [ 3]
3
2.1 ( ) $X$
$\triangle$ $X$ $\mathbb{R}$- $K_{X}+\triangle$ $\mathbb{R}-$
$f$ : $Yarrow X$ $X$ $f$ Exc $(f)$ $f_{*}^{-1}\triangle$
$Suppf_{*}^{-1}\triangle$ (simple normal crossing divisor)
$f_{*}^{-1}\triangle$ $\triangle$ $Y$ (strict trans-
form)
$K_{Y}=f^{*}(K_{X}. + \triangle)+\sum_{i}a_{i}E_{i}$
$\sum_{i}a_{i}E_{i}$ Exc $(f)$ uSupp$f_{*}^{-1}\Delta$
$i$ $a_{i}>-1$ $(X, \triangle)$
(kawamata $\log$ terminal pair) $i$ $a_{i}\geq-1$






2.2 ( ) $(X, \Delta)$ $X$
$C$ $(X, \triangle)$ ($\log$ canonical center)
$(X, \triangle)$
$K_{Y}=f^{*}(K_{X}+ \triangle)+\sum_{i\in I}a_{i}E_{i}$
$f(E_{i_{0}})=C$ $a_{i_{0}}=-1$ $i_{0}\in I$
$(X, \Delta)$ $(X, \triangle)$
[F5] 9.1
2.3 ( ) $(X, \Delta)$
(1) $(X, \triangle)$
(2) $(X, \triangle)$ 2 $(X, \triangle)$
(3) $x\in X$ $(X, \triangle)$ $x$
$x$ (minimal $\log$ canonical
center) $W_{x}$ $W_{x}$ $x$
2.3 2.3 (2) (3)
2.4 [F5]
8.1
2.4 ( ) $(X, \triangle)$ $X$ $D$
























3. $1$ $(X, \triangle)$ $x$ $-(K_{X}+\Delta)$














3.3 ( ) $(X, \Delta)$
$X$ $X$ (simply connected)
3.3
3.4 ( 3.3 ) [HM] 1.3 $X$ (ratio-
nally chain connected) [Kl] 4.13
$X$ $\pi_{1}(X)$












$\chi(\tilde{X}, \mathcal{O}_{\tilde{X}})=\deg f\cdot\chi(X, \mathcal{O}_{X})$




3.5 $\mathbb{P}^{3}$ $X_{0}^{3}+X_{1}^{3}+X_{2}^{3}=0$ $S$ $S$
1 $P=$ $(0:0:0:1)$ $-K_{S}$
$S$ $P$
$\mathbb{P}^{2}$ 3 $X_{0}^{3}+X_{1}^{3}+X_{2}^{3}=0$ $P$
$S$ $S$ (rationally chain
connected) (rationally connected) $\circ$ 3.3








(divisorial $\log$ terminal blow-up)
$f:(\tilde{X}, \triangle)\simarrow(X, \Delta)$
$(X, \tilde{\Delta})$






3.7 $W$ $\mathcal{I}_{w}$ $W$ $X$
. . . $arrow H^{0}(X, \mathcal{O}_{X})arrow H^{0}(W\mathcal{O}_{W})arrow H^{1}(X, \mathcal{I}_{W})arrow\cdots$
2.4 $H^{1}(X,\mathcal{I}_{W})=0$
$H^{0}(W, \mathcal{O}_{W})=\mathbb{C}$ $W$ 2.4






$[W, \omega]$ (quasi-log variety)
[F3] $-\omega$ –$\circ$ $[W, \omega]$









$\chi(\overline{W}, \mathcal{O}_{\overline{w}})=\deg f\cdot\chi(W, \mathcal{O}_{W})$
$\chi(\overline{W}, \mathcal{O}_{\overline{w}})=\chi(W, \mathcal{O}_{W})=1$

























3.11 $(X, \triangle)$ $W$ $(X, \Delta)$
$(W, \triangle_{W})$










3.13 $(X, \Delta)$ $n$ $(X, \triangle)$ $i$
$C_{i}$
$C_{i}\leq(\begin{array}{l}ni\end{array})$
$0\leq i\leq n-1$ $(X, \triangle)$
$2^{n}-1$








$X=\mathbb{P}_{\mathbb{P}^{1}}(\mathcal{O}_{\mathbb{P}^{1}}\oplus \mathcal{O}_{\mathbb{P}^{1}}(1))$ $\triangle=N+F$ $N$ $\mathbb{P}^{1}$















3.17 ( 3.16 ) $W$ $(X, \Delta)$
$\lfloor\triangle\rfloor=\sum_{i\in I}\Delta_{i}$
$W\subset\triangle_{i}$ $i$ [F5]















$\langle e_{0}, e_{i}, e_{i+1}\rangle$
$(1\leq i\leq n)$
$\langle e_{1}, e_{2}, \cdots, e_{n}\rangle$
$n+1$ 3 3 $\Sigma$
$X=X(\Sigma)$ $\Sigma$ 3
(1) $-K_{X}$




(2) $D_{0}\sim D_{1}+\cdots+D_{n}$ $D_{0}$ $\mathbb{Q}-$
$\langle e_{1},$ $\cdots$ , $e_{n}\rangle$ $P$
(3) $X\backslash P$ $\mathbb{Q}$- $n$ 4 $X$ $\mathbb{Q}$-
$\triangle=D_{1}+\cdots+D_{n}$
(4) $(X, \triangle)$ $-(K_{X}+\triangle)=D_{0}$
$L\triangle$ $=\Delta=D_{1}+\cdots+D_{n}$
(5) $(X, \triangle)$ 2 $n$
$n$ 3
(6) $1\leq i\leq n$ $P\in D_{i}$
13
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(7) $(W, \Delta_{W})$ (3.3 )
$X$ $W$ $\mathbb{Q}$- $W$




3.19 ( ) $X$ (
) (Serre) $S_{2}$
1 (normal crossings) $\triangle$ $X$ $\mathbb{R}-$
$K_{X}+\triangle$ $\mathbb{R}$- $\triangle$





$\Theta$ $(X^{\nu}, \Theta)$ $(X, \triangle)$
(semi $\log$ canonical pair)
3.20 ( ) $(X, \triangle)$ $X$
$-(K_{X}+\Delta)$ $(X, \Delta)$
(semi $\log$ canonical Fano variety)






3.21 $(X, \triangle)$. $X$ (quasi-projective)




3.22 ( ) $(X, \Delta)$ $X$
$S$ $(X, \triangle)$ (semi $\log$ canonical stra-
tum) $S$ $X$ $(X^{\nu}, \Theta)$ $\nu$
15
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3.26 $(X, \triangle)$ $W$ $(X, \triangle)$
(minimal semi $\log$ canonical stratum)
$(W, \Delta_{W})$ $(K_{W}+\Delta_{W})$





3.27 $X$ (simple normal crossing va-
riety) $-K_{X}$ $X$
(simple normal crossing Fano variety) $X$
$X$ $\dim X+1$
$X$
( 3.9 ) $W$
$X= \bigcup_{i}X_{i}$ $X$ $W\subset X_{i}$ $i$
( 3.9 ) $X_{i}\cap X_{j}\neq\emptyset$
$i\neq j$ $X$ $X_{i}\cap X_{j}$
3.16 (







3. $28$ $[X, \omega]$ (quasi-log canonical pair) $x$
$-\omega$ $[X, \omega]$





















3.31 GHig (Graham Hig-
man) GHig
$a^{-1}ba=b^{2}, b^{-1_{\mathcal{C}}}b=c^{2}, c^{-1}d_{C}=d^{2}, d^{-1}ad=a^{2}$






















4.1 ( ) $f:Xarrow Y$
$X$ $-K_{X}$
(nef and big) $Y$ $-K_{Y}$
4.1 [FGl]
$-K_{X}$ $X$
(weak Fano varieties) 4.1
[FGl] 4.1
[FGl]. (canonical bundle formula)
4. 1 (variations
of Hodge structure) [FGl]
4.2 ( ) $f:Xarrow Y$
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